Summary: A cross-sectional method was used to study a group of 400 high school students in Kocaeli, Turkey, aged 14 to 16 years, identified among 17,812 high school students. Students from 10 high schools were selected using a random sampling method. Whole blood counts were performed as a screening test for anemia. Serum ferritin levels and, when necessary, hemoglobin electrophoresis were determined for anemic students. Iron medication was prescribed for iron deficiency and genetic counseling was given to adolescents with thalassemia trait. Out of 338 participating students (mean age, 14.72 ± 0.71 y), anemia (hemoglobin <12 g/dL for girls and <13 g/dL for boys) was detected in 17/174 girls (9.7%) and 6/164 boys (3.6%). Iron deficiency anemia was detected in 20/23 (86.9%) of anemic children [15/17 (88.2%) girls and 4/6 (66.6%) boys]. Of 23 students with anemia 2 had b-thalassemia trait and 2 had both iron deficiency, and b-thalassemia trait. Etiology of anemia could not be defined in 1 student. The prevalence of adolescent anemia in Kocaeli is almost equal to that in developed countries.
I
ron deficiency anemia is one of the specific health problems of adolescence. 1 It develops if dietary iron is not adequate to supply the increased needs of the body owing to increased muscle mass and circulating blood volume. 2 Blood loss with menstruation further contributes to development of anemia in adolescent girls. 1 There is a high variation in the prevalence of adolescent anemia between developed and underdeveloped countries (3% vs. 30%). 2, 3 There are limited studies on the prevalence of adolescent anemia in Turkey. In this study, the prevalence of adolescent anemia was investigated in Kocaeli, one of the most industrialized cities in Turkey, about 100 km from İstanbul and with a population of 1 million. People migrate to the city from all regions of the country and its inhabitants show a wide variation in social and economic status with an average annual income of $7000.
MATERIALS AND METHODS
The study was performed between November 2002 and June 2003 in İzmit and Derince districts using a crosssectional method. These 2 districts cover more than 50% of the high schools, and high school students in Kocaeli and are not far from the university hospital where the laboratory assays were performed. There were 35 high schools with 17,812 students in these districts. With the presumption of a prevalence of 10% anemia in girls and 1% in boys, the smallest study group was calculated as 136 students of each sex. Ten high schools were selected using a simple random sampling method by SPSS. All students of these schools were entered into the computer by a code number as there was no existing electronic list provided. Then, simple random sampling method by SPSS was applied for the selection of 200 girls and 200 boys, aged between 14 and 16 years.
Approval of the City Education Authority and Kocaeli University Medicine Faculty Ethic Committee was obtained for the study.
At the first visit to the schools, the students were informed about the study, the importance of anemia and its effects on physical and mental performance; informed consent forms were delivered. At the second visit, students with written individual and parent consent were enrolled in the study. Eighty-seven percent (174/200) of the girls and 82% (164/200) of the boys participated. Every step of the study was performed by a pediatrician. The medical history of the students was evaluated. There was no student with any acute or chronic infection or any other disease who was enrolled in the study group. Before drawing blood samples, the students underwent a physical examination by the pediatricians, and their height and weight were measured. A questionnaire was answered by the students; the questions covered social and, medical history and dietary habits. The items of the ''Youth Risk Behavior Surveillance of the United States'' were used to evaluate the dietary habits of the students.
following question: Do you have the habit of eating any material that is not food? (like ice, soil, etc).
One milliliter of venous ethylenediaminetetraacetic acid blood was drawn from 338 students for whole blood count assays. A Cell-dyn 3500 automatic counter with 18 parameters was used. Hemoglobin (Hb) level less than 12 g/dL in girls and less than 13 g/dL in boys was identified as anemia according to the recommendations of the WHO. 5 At the third visit, the students were informed about the results of their blood counts, and venous blood samples were drawn into dry tubes from all the anemic students for ferritin assay by using the 2-site chemiluminescent immunometric assay (IMMULITE 2000, Diagnostic Products Corporation, Los Angeles). Ferritin levels lower than 15 ng/mL were identified as iron deficiency anemia in girls and boys, respectively. 5 In students with a Mentzer index [mean corpuscular volume (MCV)/RBC (in millions), <13 identifies thalassemia trait, >13 indicates iron deficiency anemia] lower than 13, venous blood samples were drawn to tubes with ethylenediaminetetraacetic acid for Hb electrophoresis assay. At the fourth visit, after evaluation of the laboratory results, oral ferrous sulfate (Fe 2+ , 180 mg/d elemental iron) was prescribed for anemic students. Simple written information about anemia, its effects on physical and mental performance, duration of the medication, and follow-up examination and blood counts was sent to parents. At the fifth visit, which was about 30 days after prescription of iron, compliance to iron therapy was evaluated by asking the students about the duration of iron therapy, the number of bottles they consumed and daily dosage. Venous blood was drawn for control whole blood count assays.
Anemic group was defined according to abnormality of Hb values. Students with normal Hb but low MCV might have thalassemia trait, but the aim of the study was not defining the prevalence of thalassemia trait.
Statistical Analysis
Social and economic status, medical history, dietary habits of the students with and without iron deficiency anemia were compared by w 2 test and comparison of hematologic parameters by Mann-Whitney U test. Comparison of body-mass index was performed by t test. Probability error was a = 0.05.
RESULTS
Out of 338 high school students, aged 14 to 16 years (median 15), anemia was detected in 17 out of 174 girls (9.7%) and 6 out of 164 boys (3.6%); 20/23 (86.9%) of anemic children had iron deficiency anemia; 15/17 (88.2%) of anemic girls and 4/6 (66.6%) of anemic boys had iron deficiency anemia ( Table 1) . Two of the anemic girls had severe anemia (Hb <8 g/dL) without dysmenorrheal bleeding and other blood loss. Of the 23 students with anemia, 2 had thalassemia trait and another 2 students had iron deficiency plus thalassemia trait. The etiology of mild anemia could not be defined in 1 student.
Of the 21 students for whom iron medication was prescribed, 13 were noncompliant to therapy. These students did not continue medication after consuming the first bottle. Eight students continued their medication and had a good response. Mean Hb levels in anemic and nonanemic students were 10.97 ± 1.71 and 14.00 ± 0.91 g/ dL, respectively, which were statistically significant (P = 0.000) ( Table 1) . Basal values of erythrocyte indices (Hb, MCV, RBC, red cell distribution width, Mentzer index), ferritin levels and follow-up Hb after 1 month of iron therapy are shown in Table 2 .
History of anemia, social and economic status, and dietary habits of anemic and nonanemic children were compared using w 2 test, and only the number of people living in the house, inadequate consumption of vegetables and pica were found to be significant (P = 0.017, 0.036, and 0.000, respectively; Tables 3 and 4 
DISCUSSION
Adolescence is a critical period for the development of iron deficiency anemia. 1 Its prevalence shows great variability in different countries, and for different races, and social and economic levels. The worldwide prevalence of adolescent anemia is 15% (27% in underdeveloped countries and 6% in developed countries). 2 In the present study, the prevalence of anemia in our adolescent students was 9.7% in girls and 3.6% in boys. Thus, the prevalence of anemia in adolescent girls was lower than in underdeveloped countries and almost equal to developed countries, whereas the prevalence in adolescent boys was again lower than in underdeveloped countries but higher than in developed countries [6] [7] [8] [9] [10] [11] [12] [13] [14] (Table 5 ). Other studies from Turkey are shown in Table 5 . In a study by Tezic¸et al, 15 the prevalence of anemia in adolescents was 8.3%, and unexpectedly the prevalence was higher in boys from the city of Trabzon. Koc¸ak 16 reported slightly higher prevalence than our results in C¸ukurova-Adana. In the study by Koc¸et al, 17 performed in Sanlıurfa, the prevalence of adolescent anemia was surprisingly very low (1.5%), even lower than reports from developed countries. This prevalence might be explained by local dietary habit which is mainly composed of meat. Derman et al 18 screened 2900 patients admitted to Adolescent Outpatient Clinic of Hacettepe University-Ankara for anemia, and found anemia in 44 patients (1.51%). In this outpatient clinic, adolescents are probably from higher social economic level.
In our study, the prevalence of noncompliance to therapy was high. Although the students were informed about anemia and the consequences of iron deficiency, most of them did not continue therapy after the first bottle of medication, because those with mild and moderate anemia did not consider it as a health problem. The parents also neglected to obtain a new bottle to continue therapy. We are sure that the students and the parents were informed adequately about anemia, but there is no school health organization that will support the students with health problems.
Sex, social and economic status, and district of residence are well-known risk factors for adolescent anemia. 2 In the study by Al-Sharbatti et al, 11 iron content of the diet and age were reported as the risk factors for boys, whereas education level of parents, number of pads used during menstruation, and age of menarche were reported as risk factors for girls. Large families living in the same house, inadequate consumption of vegetables, and a previous history of pica were risk factors in the present study. Among these factors, inadequate vegetable consumption has been subject to consideration because it is known that vegetables are not rich in absorbable iron. The adolescents widely consume potato chips, packaged snack foods, and pizza which are low in iron, instead of consuming traditional meals which are high in iron. In traditional Turkish cuisine, vegetables are generally cooked with some meat, so inadequate consumption of vegetables may be associated with inadequate consumption of meat. Therefore, unbalanced nutrition habit is most probably the reason for iron deficiency as vegetable and fruit intake is generally associated with adequate consumption of all the food groups. A recent paper from Greece also showed by univariate analysis that low vegetable intake was a risk factor for iron deficiency. 19 In the present study, there was not a relation between consumption of fruits and iron deficiency. It is obvious that confidence in the students' answers is limited.
In studies from underdeveloped and developed countries, iron deficiency was the major etiologic factor of adolescent anemia. [7] [8] [9] [10] 20 In studies from our country, even in C¸ukurova region where thalassemia prevalence is high, iron deficiency was the major factor. 16 In our study, prevalence of iron deficiency anemia among students with anemia was 86.9%, which was similar to the results of Koc¸ak et al. 16 Standards about screening for anemia in adolescents generally originate from the United States but the recommendations of the different societies show variations. 20, 21 For example, ''American Medical Association 11 to 21'' and ''US Preventive Services Task Force 11 to 24'' do not recommends routine screening of Hb, whereas ''American Academy of Pediatrics 11 to 21'' recommends screening once between 11 and 21 years, and every year after menarche. ''Bright Futures 11 to 21'' recommends Hb screening only in adolescent girls under risk of anemia. ''The Centers for Disease Control and Prevention'' also recommends annual screening in adolescent girls who carry the following risk factors: hypermenorrhea, inadequate iron in the diet, previous diagnosis of iron deficiency, etc; for individuals without risk factors, screening every 5 to 10 years is recommended. Therefore identification of the risk factors is necessary. Body mass index was not correlated with adolescent anemia. The economic burden of screening all adolescents and its application throughout the country are real problem, and the necessity of screening all adolescents for anemia is still controversial. Screening adolescent girls may be logical for our country. Screening adolescents in primary schools may be a practical approach.
Some countries initiated iron supplementation to high risk groups. Short-term supplementation was not successful owing to problems with delivery and compliance. 22 Effective long-term approaches include fortification, dietary modification, public health and disease control measures, and income generation programs. Food fortification can be a cost-effective intervention strategy if technologically feasible, nutritionally sound, culturally acceptable, and economically viable food vehicle(s) and fortificant(s) can be identified. 23 In India, salt, wheat, sugar, milk and rice have been fortified. 7 The principal of diet modification is to consume iron-rich food, increase total food quantity, and a diet that increases iron absorption. In India, weekly iron and folic acid supplementation was as effective as daily supplementation. 24 To establish a successful national strategy, welldesigned prevalence studies representing all geographic regions of the country must be the primary step.
Disorders of behavior and cognitive function are among the important systemic effects of iron deficiency in children. 1 Although there are many studies showing decreased mental-motor developmental test scores in infants with iron deficiency, there are only a few studies showing the effects of iron deficiency on the cognitive function of children and adolescents. [25] [26] [27] We evaluated the cognitive function of anemic adolescents by WISC-R test and compared this with a control group of nonanemic children but the difference was not significant owing to the small number of anemic children. This study is continuing by evaluating the cognitive function of anemic adolescents in our outpatient clinic.
In conclusion, the present study from Turkey shows that the prevalence of adolescent anemia is close to that in developed countries. We hope that this study will attract attention to adolescent anemia and prevention, and supplementation strategies throughout the country.
